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Cyclohexane oxidationAbstract Catalysis is probably one of the greatest contributions of chemistry to both economic growth
and environmental protection.Hereinwe report the catalytic behavior of zeolite-Y entrappedRu(III) and
Fe(III) complexes with general formulae [M(VTCH)22H2O]+-Y and [M(VFCH)22H2O]+-Y [where,
VTCH= vanillin thiophene-2-carboxylic hydrazone and VFCH= vanillin furoic-2-carboxylic
hydrazone] over the oxidation of cyclohexane forming cyclohexanone and cyclohexanol. The samples
were corroborated by various physico-chemical techniques. These zeolite-Y based complexes are sta-
ble and recyclable under current reaction conditions. Amongst them, [Ru(VTCH)22H2O]+-Y
showed higher catalytic activity (41.1%) with cyclohexanone (84.6%) selectivity.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
The design and fabrication of inorganic porous materials, such
as mesoporous and micropore zeolite based complexes as het-
erogeneous catalysts are used widely in industrial processes.
The use of zeolite-Y entrapped transition metal complexes as
catalysts over various oxidation reactions, such as oxidation
of phenol, benzyl alcohol, ethylbenzene, methyl phenyl sulﬁde
and epoxidation of oleﬁns has been largely documented duringthe last decades (Salavati-Niasari and Davar, 2010; Maurya
et al., 2012; Abbo and Titinchi, 2009; Salavati-Niasari et al.,
2008; Salavati-Niasari, 2008, 2005; Farzaneh et al., 2009; Nun-
es et al., 2007).
Oxidation reactions are an essential process for organic syn-
thesis, which can play an important role in giving the desired
functionality to the intermediates of valuable compounds such
as pharmaceuticals, agricultural chemicals and ﬁne chemicals
(Sheldon and Kochi, 1981; Tsuji, 1991). In particular, the selec-
tive oxidation of cyclohexane occupies an important place in
both laboratory and industry (Dugger et al., 2005; Carey
et al., 2006; Schuchardt et al., 2000) because of its oxidized prod-
ucts such as cyclohexanol (CyOL) and cyclohexanone (Cy-
ONE), which are important intermediates in the production of
adipic acid and caprolactam. Caprolactam is used in the manu-
facture ofNylon-6 andNylon-66 polymers. In current industrial
process, cyclohexane is oxidized at a temperature range of
Zeolite-Y entrapped Ru(III) and Fe(III) complexes S1453150–170 C and pressure of 115–175 psi in the presence of
homogeneous cobalt salt, where the conversion is very less
(4%) and the process is environmentally hazardous (Ingold,
1989; Saji et al., 2002). The development of catalysts that do
not expend toomuch energy and that utilize oxidants less harm-
ful from an environmental standpoint is generally preferred.
The use of molecular oxygen or hydrogen peroxide as oxidant
is favorable because they are inexpensive and water is the sole
ﬁnal by-product. From this aspect H2O2 is chosen to a better
oxidant than molecular oxygen insofar as O2-organic mixture
sometimes ignites (Venturello et al., 1985).
In this present work we have prepared zeolite-Y entrapped
Ru(III) and Fe(III) complexes as heterogeneous catalysts and
corroborated by various characterization techniques such as
elemental analysis, ICP-OES, BET, (FT-IR, UV–vis.) spectral
studies, scanning electron micrographs (SEMs) and X-ray
powder diffraction patterns (XRD). The catalytic performance
of these heterogeneous catalysts over the oxidation of cyclo-
hexane was successfully achieved via transfer of oxygen from
H2O2 to cyclohexane, followed by the formation of cyclohexa-
nol (CyOL) and cyclohexanone (CyONE) as the ﬁnal product.
2. Experimental
2.1. Materials
Vanillin and ethylvanillin were purchased from Merck India.
30% H2O2 purchased from Rankem (India). Thiophene-2-car-
boxylic acid and furoic-2-carboxylic acid were obtained from
Spectrochem (India). Sodium form of zeolite-Y (Si/
Al = 2.60) was procured from Hi-media, India.
2.2. Instrumentation
Si, Al, Na, Ru and Fe metal ions were determined by ICP-
OES (Model: PerkinElmer optima 2000 DV). Carbon, hydro-
gen and nitrogen were analyzed with a Perkin Elmer, USA
2400-II CHN analyzer. FT-IR spectra of host–guest com-
plexes were recorded on a Thermo Nicolet IR200 FT-IR
spectrometer in KBr. UV–vis spectra were recorded on Spec-
trophotometer Make/model Varian Cary 500, Shimadzu. The
crystallinity of compounds was ensured by XRD using a Bru-
ker AXS D8 Advance X-ray powder diffractometer with a Cu
Ka target. The surface area of compounds was measured by
multipoint BET method using ASAP 2010, micrometrics sur-
face area analyzer. The scanning electron micrographs of
compounds were recorded using a SEM instrument (Model:
LEO 1430 VP).
2.3. Synthesis of Schiff base ligands
Schiff base ligands were synthesized by the condensation of
vanillin with thiophene-2-carboxylic acid hydrazide and furo-
ic-2-carboxylic acid hydrazide as reported earlier (Modi and
Trivedi, 2012).
2.4. Synthesis of Ru(III) and Fe(III) based neat complexes
The procedures for the preparation of metal (M(III) = Ru and
Fe) complexes are as follows: 0.02 mol VTCH and/or VFCHSchiff ligands were dissolved in 25 mL ethanol, and then
heated to boiling temperature. This was followed by the
drop-wise addition of a solution of 0.01 mol metal salt (Ru-
Cl3Æ3H2O or Fe(NO3)3Æ9H2O) in 10 mL ethanol. The pH of
the resulting solution was adjusted to 5–6 by the drop wise
addition of CH3COONa solution in it. The resultant solution
was stirred and reﬂuxed for 4 h. After cooling, the solid prod-
uct was separated by ﬁltration and dried in vacuum.
2.5. Synthesis of M(III)-Y (Metal exchanged zeolite-Y)
A series of zeolite-Y entrapped M(III)-Y complexes have been
prepared by Flexible Ligand Method (FLM). An amount of
5.0 g of zeolite-Y was suspended in 300 mL of deionized water
containing 12 mmol metal salts RuCl3Æ3H2O and/or Fe(-
NO)3Æ9H2O with constant stirring. The reaction mixture was
then heated at 90 C for 24 h. The solid was ﬁltered, washed
with hot deionized water until the ﬁltrate was free from any
metal ion content and dried for 15 h at 120 C in air.
2.6. Synthesis of zeolite-Y entrapped Ru(III) and
Fe(III)complexes
The samples were prepared by taking 1.0 g of M(III)-Y and
successively mixed with an excessive amount of ligand in eth-
anol (50 mL). It was then reﬂuxed for 24 h with stirring in
an oil bath. The resulting solid was treated for Soxhlet extrac-
tion with ethanol, acetone and ﬁnally with acetonitrile (6 h) to
remove uncomplexed ligand and the complex adsorbed on the
zeolite surface. The material was then treated with aqueous
0.01 M NaCl with stirring for 24 h to allow exchange of
uncomplexed metal ions with sodium ions. Subsequently, it
was washed with deionized water to remove any chloride ions
present and dried at 120 C for 24 h.
2.7. Catalytic oxidation of cyclohexane
The catalytic oxidation of cyclohexane over zeolite-Y en-
trapped Ru(III) and Fe(III) complexes using 30% H2O2 as
an oxidant gives mainly two major products viz. cyclohexanol
(CyOL) and cyclohexanone (CyONE). Reaction conditions for
the liquid-phase oxidation of cyclohexane were optimized as
follows: cyclohexane (10 mmol), 30% H2O2 (10 mmol), cata-
lyst (60 mg), and acetonitrile (2 mL) at 80 C for 2 h. Blank
experiments were performed over Na-Y, H2O2, M(III)-Y and
neat complexes under identical conditions show only negligible
percentage conversion (see Table 3).
3. Results and discussion
The Ru(III) and Fe(III) metal ion contents estimated after
entrapment can be assigned the presence of complex materials
in the nanopores of zeolite-Y. The analytical data of entrapped
complexes are given in Table 1. The Ru(III) and Fe(III) neat
complexes are formed by coordination of 1 mol of the metal
ion with 2 mol of VTCH and/or VFCH based Schiff base li-
gands. The neat metal complexes in this study are insoluble
in water and in most of the organic solvents, but completely
soluble in DMF and DMSO. Electrical conductivity measure-
ments of the 103 M metal complexes in DMF give KM values
Figure 1 XRD patterns of [a] [[Fe(VTCH)2Æ2H2O]
+-Y, [b]
[[Fe(VFCH)2Æ2H2O]
+-Y, [c] [[Ru(VTCH)2Æ2H2O]
+-Y, [d]
[Ru(VFCH)2Æ2H2O]
+-Y and [e] Na-Y [f] Fe(III)-Y and [g]
Ru(III)-Y.
Table 1 Analytical and physical data of compounds.
Sr. No Compound Color %C Elements %found
%H %N %M %Si %Al %Na Si/Al
1 Na-Y White – – – – 17.16 6.60 9.86 2.60
2 Fe(III)-Y Light brown – – – 4.63 16.68 6.41 7.19 2.61
3 [Fe(VTCH)2Æ2H2O]
+-Y Dark orange 4.30 1.30 0.83 2.30 16.66 6.40 6.63 2.61
4 [Fe(VFCH)2Æ2H2O]
+-Y Orange 4.41 1.55 0.95 2.35 16.62 6.39 6.50 2.60
5 Ru(III)-Y Dark gray – – – 3.89 16.84 6.47 8.11 2.60
6 [Ru(VTCH)2Æ2H2O]
+-Y Gray 4.15 1.25 0.79 1.96 16.39 6.30 7.10 2.60
7 [Ru(VFCH)2Æ2H2O]
+-Y Pale gray 4.23 1.31 0.82 2.26 16.70 6.42 6.77 2.60
Table 2 Surface area and pore volume data of compounds.
Compound SBET (m
2/g)b Pore volume (cc/g)a
Na-Y 548 0.32
Fe(III)-Y 532 0.28
[Fe(VTCH)2Æ2H2O]
+-Y 260 0.13
[Fe(VFCH)2Æ2H2O]
+-Y 255 0.12
Ru(III)-Y 539 0.30
[Ru(VTCH)2Æ2H2O]
+-Y 185 0.08
[Ru(VFCH)2Æ2H2O]
+-Y 211 0.09
a Calculated by the BJH-method.
b Degassing of sample done at 393 K and 105 mm prior to N2
adsorption.
S1454 C.K. Modi, P.M. Trivediof 63.60–106.70 O1 cm2 mol1 and conﬁrm that they are 1:1
electrolytic in nature. The Si and Al contents are almost in
the same ratio as in the parent zeolite-Y. This indicates no
change in the zeolite framework due to the absence of dealumi-
nation in the metal ion exchange by FLM. Surface area and
pore volume values estimated by nitrogen adsorption iso-
therms at relative pressures (p/p0) are given in Table 2. The
micropore volumes and SBET values of entrapped complexes
showed a disproportionately large decrease in pore volume
(0.32–0.08 cc/g) and surface area (548–185 m2/g). Such
changes may be due to encapsulation occurring in the more
accessible cages at the periphery of the crystallites and not uni-
formly throughout the bulk of the crystallites. As the supercag-
es are interconnected, a blockage at the fringe can reduce the
accessibility of many more cages in the interior. XRD patterns
of Na-Y, M(III)-Y and their entrapped complexes are shown
in Fig. 1. These patterns show almost no signiﬁcant changes
in peak positions of the diffraction lines as compared to neat
zeolite-Y. This indicates that the crystallinity of the zeolitic
matrix remained intact upon encapsulation of the metal com-
plex (Salavati-Niasari and Davar, 2010).
The absence of any extraneous material on the zeolitic sur-
face is evidenced by scanning electron micrographs (SEMs).
The SEM images of [Fe(VFCH)2Æ2H2O]
+-Y recorded before
and after Soxhlet extraction are shown in Fig. 2. These showed
well-deﬁned crystals after Soxhlet extractions and the particle
boundaries on the external surface of zeolite are clearly distin-
guishable. These micrographs reveal the efﬁciency of puriﬁca-
tion procedure to effect complete removal of extraneous
complexes. Furthermore, the XRD patterns of these entrapped
complexes also support the assertion that all the modiﬁed zeo-
lite has retained the crystallinity of zeolite-Y.
The FTIR spectral data of Schiff base ligands and en-
trapped complexes along with their respective neat complexesare discussed. The FTIR spectra of zeolite-Y entrapped
Ru(III) and Fe(III) complexes along with their respective neat
complexes are shown in Fig. 3. The intensity of the entrapped
complexes is though; weak due to a low concentration of the
complex in zeolite (Maurya et al., 2003), the IR spectra of en-
trapped complexes are essentially similar to that of the neat
metal complexes. However, a signiﬁcant change in some
important bands from free ligand has been noticed. For exam-
ple, free ligands exhibit m(C‚N) stretch at 1635 cm1. This
band shifts to lower frequency and appears at 1619–
1629 cm1 (in entrapped complexes) and 1625–1630 cm1 (in
neat complexes), indicating the coordination of azomethine
nitrogen to the metal.
The IR spectra of Schiff base ligands show two sharp bands
at 3185 and 1690 cm1, which may be assigned to the m(N–
H) and m(C‚O) bands of the lateral chain. On complexation,
these bands were absent in the spectra of neat and their en-
trapped complexes. On the contrary, the new absorption band
attributed to m(C–O) Liu et al., 2002 was observed at
1290 cm1. The zeolitic framework [TO4 tetrahedral (T‚Si
or Al)] bands dominate the spectra below 1200 cm1 (Parpot
Figure 2 SEM Image of [Fe(VFCH)2Æ2H2O]
+-Y with (A) Before
and (B) After Soxhlet Extraction.
Zeolite-Y entrapped Ru(III) and Fe(III) complexes S1455et al., 2009). The bands at 570, 720, 780 and 1015 cm1
may be attributed to T–O (structure sensitive band) double
ring, symmetric stretching and asymmetric stretching vibra-
tions, respectively (Ahmed and Mostafa, 2003). No shift or
broadening of these zeolite structure-sensitive vibrations are
observed upon insertion of the metal complexes, which be-
stows further support that the zeolite framework remains un-
changed. The d(O–H) of the coordinated water molecules in
the spectra of entrapped complexes is observed at 840 cm1
(Arun et al., 2009) and the m(O–H) is observed as a broad band
at 3440 cm1 (Khalil et al., 1995).
In the far-IR region, two new bands at 460–478 and 420–
428 cm1 in the neat complexes are assigned to m(M–O) and
m(M–N) modes, respectively. All of these data conﬁrm the fact
that Schiff bases behave as a uninegative bidentate ligand
forming a conjugated chelate ring, with the ligand existing in
the complexes in the enolized form.
The electronic spectral bands of Schiff base ligands and en-
trapped complexes along with their respective neat complexes
are discussed. Figs. 4 and 5 represent the electronic spectra
of [Fe(VTCH)2Æ2H2O]
+-Y along with their neat complex and
[Ru(VFCH)2Æ2H2O]
+-Y along with their neat complex, respec-
tively. The Schiff base ligands exhibit a band at 324 nm dueto the pﬁ p* transition. However, this band has undergone
hypsochromic shifts (310 nm) in entrapped Fe(III) and
Ru(III) complexes resulting from the chelation of the ligand
with the transition metal ions. This indicates of Schiff base
complex in the supercages. The electronic spectra of entrapped
Fe(III) complexes show two additional bands at 215 and
250 nm and a weak band centered at 760 nm, attributed to
the intra-ligand charge transfer transition (ILCT), metal to li-
gand charge transfer transition (MLCT) and d–d transition,
respectively (Maurya et al., 2004). However, we could not ob-
serve d–d transition in the spectra of [Fe(VFCH)2Æ2H2O]
+-Y
which may be due to lower concentrations inside the nanop-
ores of zeolite-Y. In the electronic spectra of the neat
[Fe(VTCH)2Æ2H2O]NO3 complex, in 10
3 M DMF solution,
bands were observed at 227, 258, 335 and 768 nm (Fig. 4).
The neat [Fe(VFCH)2Æ2H2O]NO3 complex shows similar
absorptions at 228, 262, 337, and 767 nm. The spectra of en-
trapped Ru(III) complexes show an absorption band at
300 nm, may be due to MLCT transition (Chen et al.,
2006). In addition, the band occurring in the region
800 nm has been assigned to the spin forbidden transition,
2T2g ! 4T1g of an octahedral geometry around the central me-
tal ion (Lever, 1984; Allen et al., 1973). These values are very
similar to the values for the discrete neat Ru(III) complexes
observed at 229, 287 and 800 nm. Based on the above
analytical data and physicochemical properties, an octahedral
structure has been proposed for Ru(III) and Fe(III) complexes
(Fig. 6).
3.1. Catalytic activity
The catalytic activity of zeolite-Y entrapped Fe(III) and
Ru(III) complexes has been carried out as shown in Fig. 7
and their data are tabulated in Table 3. It is clear from the re-
sults that selectivity of cyclohexanone formation found to be
varied (51.8–84.6%) from catalyst to catalyst.
Transition metal complexes are known to effect the decom-
position of hydrogen peroxide either by a free radical mecha-
nism (Mochida and Takeshita, 1974) or through the
formation of active metal-peroxo species (Sharma and Schu-
bert, 1969). The catalytic oxidation of cyclohexane over zeo-
lite-Y entrapped complexes may involve the coordination of
oxygen at the vacant site of the metal ion in the catalyst to form
metal-peroxo species. This intermediate transfers the coordi-
nated oxygen atom to the substrate to obtain the product (Modi
and Trivedi, 2012). In particular, [Fe(VTCH)2Æ2H2O]
+-Y,
[Fe(VFCH)2Æ2H2O]
+-Y and [Ru(VFCH)2Æ2H2O]
+-Y catalysts
show less catalytic activity than [Ru(VTCH)2Æ2H2O]
+-Y (Ta-
ble 3). Thismay be due to either slow formation ofmetal-peroxo
species with H2O2 or sluggishness to transfer peroxo oxygen to
the substrate. Thus, [Ru(VTCH)2Æ2H2O]
+-Y is used as a repre-
sentative catalyst for further studies.
Solvent plays an important, and sometimes decisive role in
catalytic behavior because it can make different phases uni-
form, thus promoting mass transportation, and could also
change the reaction mechanism by affecting the intermediate
species, the surface properties of catalysts and reaction path-
ways (Corma et al., 1996). The effect of various solvents for
the oxidation of cyclohexane with [Ru(VTCH)2Æ2H2O]
+-Y
catalyst was also studied (Fig. 8). It was observed that acetoni-
trile was the only solvent to exhibit utmost catalytic activity
(84.6%) under the optimized conditions. In contrast, ethanol
Figure 3 FT-IR of spectra of neat [Ru(VFCH)2Æ2H2O]Cl [A], neat [Fe(VFCH)2Æ2H2O]NO3 [B], neat [Ru(VTCH)2Æ2H2O]Cl [C], neat
[Fe(VTCH)2Æ2H2O]NO3 [D], [Ru(VFCH)2Æ2H2O]
+-Y [E], [Fe(VFCH)2Æ2H2O]
+-Y [F], [Ru(VTCH)2Æ2H2O]
+-Y [G] and [Fe(VTCH)2-
Æ2H2O]
+-Y [H].
Figure 4 Electronic spectra of neat [Fe(VTCH)2Æ2H2O]NO3 (a)
and [Fe(VTCH)2Æ2H2O]
+-Y (b) complexes.
Figure 5 Electronic spectra of neat [Ru(VFCH)2Æ2H2O]Cl (a)
and [Ru(VTCH)2Æ2H2O]
+-Y (b) complexes.
S1456 C.K. Modi, P.M. Trivedi(40.4%), ethyl acetate (72.1%), n-hexane (50.9%) and chloro-
form (24.3%) were found to be less effective solvents. Further-
more, the volume of solvent also inﬂuences the rate of the
reaction. Increasing the volume of solvent from 2 ml to
10 ml led to very poor% conversion of cyclohexane, whichmay be due to decrease in the reactant concentration in the
reaction mixture.
The effect of reaction temperature was carried out on
[Ru(VTCH)2Æ2H2O]
+-Y catalyst in the temperature range of
60–80 C by keeping parameters constant such as cyclohexane
Figure 6 The proposed structure of entrapped complexes.
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Figure 7 Conversion% of cyclohexane oxidation.
Table 3 Oxidation of cyclohexane with 30% H2O2 catalyzed by VT
Sr. No. Compound Conversion (%)
1 Na-Y 2.1
2 H2O2 1.6
3 Ru(III)-Y 7.5
4 Fe(III)-Y 4.2
5 [Fe(VTCH)2Æ2H2O]NO3 14.1
6 [Fe(VTCH)2Æ2H2O]
+-Y 26.4
7 [Fe(VFCH)2Æ2H2O]NO3 7.5
8 [Fe(VFCH)2Æ2H2O]
+-Y 11.6
9 [Ru(VTCH)2Æ2H2O]Cl 21.3
10 [Ru(VTCH)2Æ2H2O]
+-Y 41.1
11 [Ru(VFCH)2Æ2H2O]Cl 17.6
12 [Ru(VFCH)2Æ2H2O]
+-Y 29.3
13 [Ru(VTCH)2Æ2H2O]
+-Ya 38.5
14 [Ru(VTCH)2Æ2H2O]
+-Yb 34.9
a First reused catalyst.
b Second reused catalyst.
c TOF (h1) (turnover frequency): mol of substrate converted per mol
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Figure 8 Effect of various solvents using [Ru(VTCH)2Æ2H2O]
+-
Y on the oxidation of cyclohexane.
Zeolite-Y entrapped Ru(III) and Fe(III) complexes S1457(10 mmol), 30% H2O2 (10 mmol), catalyst (60 mg), and aceto-
nitrile (2 mL) for 2 h as shown in Fig. 9. Both conversion and
H2O2 consumption increase with temperature. The cyclohexa-
nol/cyclohexanone ratio (at the end of 6 h) is found to be
dependent on temperature. When the reaction temperature de-
creased from 80 to 60 C, the cyclohexane conversion also de-
creased from >41 to 28.8%. Thus, 80 C is the minimum
required temperature to supply sufﬁcient energy to reach the
energy barrier of cyclohexane conversion.
To study the effect of amount of catalyst on the oxidation
of cyclohexane, four different amounts of [Ru(VTCH)2Æ
2H2O]
+-Y as a representative catalyst viz. 40, 50, 60 and
65 mg were used, keeping with other reaction parameters ﬁxed.
The results are shown in Fig. 10, indicating 23.4%, 30.2%,
41.1% and 41.1% conversion corresponding to 40, 50, 60
and 65 mg catalyst, respectively. Lower conversion of cyclo-
hexane with 40 and 50 mg catalyst may be due to fewer cata-
lytic sites. The maximum percentage conversion wasCH and/or VFCH based neat and their entrapped complexes.
cTOF (h1) for 1 h Selectivity (%)
CyOL CyONE
– 48.6 51.4
– 46.3 53.7
– 40.1 59.9
– 46.2 53.8
– 40.3 59.3
60 42.2 57.8
– 37.6 62.4
12 31.2 68.8
– 41.3 58.7
177 15.4 84.6
– 44.6 55.4
107 48.2 51.8
– 21.8 78.2
– 27.6 72.4
of metal (in the solid catalyst).
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Figure 9 Effect of temperature using [Ru(VTCH)2Æ2H2O]
+-Y
on the oxidation of cyclohexane.
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Figure 10 Effect of amount of catalyst using [Ru(VTCH)2Æ
2H2O]
+-Y on the oxidation of cyclohexane.
S1458 C.K. Modi, P.M. Trivediobserved with 60 mg catalyst but there was no remarkable dif-
ference in the progress of reaction when more than 60 mg of
catalyst was employed. As a result, 60 mg of catalyst was taken
to be optimal.
The zeolite-Y entrapped complexes are believed to be stable
and reusable due to the following reasons: (1) complexes are
immobilized in the cavities, (2) and reduced formation of inac-
tive oxo- and/or peroxo- dimeric and other polymeric species
in the cavities due to the steric effects of zeolite framework
(Vankelecom et al., 1996; Raja and Ratnaswamy, 1997; Chou-
dary et al., 2000). In order to ascertain the stability, the cata-
lyst samples were ﬁltered out after the reaction, washed with
acetonitrile, methanol and acetone; dried at 120 C for 4 h
and ﬁnally analyzed by ICP-OES and FTIR spectral studies.
The results reveal that metal was not detected in the reaction
products by ICP-OES indicating that the oxidation of cyclo-
hexane by dissolved metal complexes leached out from the zeo-
lite matrix is negligible. As well as FTIR spectral patterns of
fresh and recycle catalysts are the same which suggest their fur-
ther reusability and stability.The representative catalyst [Ru(VTCH)2Æ2H2O]
+-Y was
recycled for the oxidation of cyclohexane with a view to estab-
lish the effect of encapsulation on stability. The initial run for
these catalysts demonstrates 41.1% conversion. As can be seen
from the ﬁrst and second recycling of these catalysts, there was
no appreciable change observed in% conversion of cyclohex-
ane, viz. 38.5% and 34.9%, respectively. These results conﬁrm
that catalysts are almost stable to be recycled for the oxidation
of cyclohexane without much loss in activity. The recycling
ability also points out the absence of any irreversible deactiva-
tion of the entrapped metal complexes, which is one of the ma-
jor drawbacks of unsupported metal complexes in
homogenous catalytic reactions.
4. Conclusions
In conclusion, we have developed a convenient catalytic route
for the oxidation of cyclohexane. Highlights of the present
work are:
 These catalyst systems offer structural integrity by having a
uniform distribution of the metal complex in the nanopore
structure of the support. The zeolite framework keeps the
guest complexes and prevents their dimerization leading
to the retention of catalytic activity.
 The test for recyclability using [Ru(VTCH)2Æ2H2O]+-Y as a
representative catalyst has been carried out. The results
reﬂect the reusability of the entrapped complexes as not
much loss in their catalytic activity was noticed.
 To summarize, zeolite-Y entrapped complexes have inter-
esting catalytic potential particularly with respect to the
activity for the oxidation of cyclohexane selectively, and
offer an open ﬁeld to design efﬁcient catalyst systems by
an appropriate choice of guest and host materials.Acknowledgements
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